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ABSTRACT
Microplastics pollution is an emerging research and policy topic. Standardized methods are not
yet established for scientific studies or compliance with legislation requiring monitoring of
microplastics. This study combines the work done in the laboratory detecting and counting
microplastics in samples from the Mississippi River and in oysters from the Mississippi Sound
with a literature review on microplastic pollution policy. In the laboratory, I helped prepare
samples for analyses using a novel one-pot method that led to a publication in the journal
Environmental Toxicology and Chemistry. Later, I compared visual counting of microplastics
stained with Nile Red dye using a microscope and with that determined by the software of a
fluorescence microscope. There were notable differences between the visual count and the count
automated by the computer program. Regarding policies on microplastic pollution, currently the
European Union (EU) has the most and the strictest regulations. In addition to banning
microbeads, like in the United States, the EU has approved and began implementing a levy on
plastics. The United States, on the other hand, has no federal laws concerning microplastics.
Methods standardization and interlaboratory calibration has been a huge concern because it is
imperative that the research and empirical data informing legislation is reliable and accurate. It is
also important that those who are required to monitor microplastics have the instrumentation and
expertise to do so or else the legislation will not be implemented effectively or have the desired
outcome. The research community and others involved in informing policy decisions should
consider prioritizing the development of standardized research methods.
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INTRODUCTION TO THE THESIS
This thesis presents my work on detecting and counting putative microplastics in the
water from the Mississippi River and its major tributaries as well as assessing the current policies
related to microplastic pollution. Chapter 1 provides a brief background to microplastic pollution
and analyses. Chapter 2 and 3 focus on my research in the laboratory. Chapter 2 involves
developing and applying a novel one-pot method for collection and preparation of river water for
microplastic analyses. My role was mostly digesting, filtering, and staining isolated microplastics
with Nile Red dye for fluorescence microscopy. Chapter 3 involves analyses of microplastics in
oysters from the Mississippi Sound. My role was using a microscope adapted for fluorescence
microscopy to visually count putative microplastics placed on slides and compare the results
with that determined by an automated system (Nikon Eclipse fluorescence microscope). The
slides were prepared by another student using the one-pot method with some modifications.
Lastly, Chapter 4 pertains to current policy on microplastics, an interest of mine that blossomed
during laboratory work. It should be noted that there is no set standard method for collecting,
analyzing, detecting, and identifying microplastics, which complicates comparison of datasets
and regulations that rely on empirical data. Combining policy and laboratory work offers an
important connection between the methods design used in research and the results that informs
policies. Consistency with methods and results is very important in making sure that accurate
data are determining whether there is an issue with microplastics and what the sources are.
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CHAPTER 1: BACKGROUND TO MICROPLASTIC POLLUTION AND ANALYSES

What are microplastics?
Plastics have become a huge part of everyday life. Driven by consumer demand plastic
productions have increased exponentially (Figure 1).

Figure 1: Global plastics production 1950 to 2015: Annual global polymer resin and fiber
production measure in metric tonnes per year. (OurWorldinData.org)
Plastics are unique in that they can be used in a variety of ways, relatively cheap to
manufacture, and are sturdy enough to take hundreds even thousands of years to degrade
depending on the type of plastic and the environment it's in (Chamas, et al. 2020). Plastics are
not always disposed of properly leading to an accumulation of plastics in the environment.
Microplastics refer to smaller particles of plastics (1micron to 5mm). These can be released into
the environment at that size by being manufactured such as microbeads. They can also be
released from synthetic clothes and abrasion from tires. These are called primary microplastics
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and they are estimated to be 15-31% of microplastics in the oceans (News, European
Parliament). When microplastics are in the environment because of the degradation of larger
plastics, they are called secondary plastics. Secondary microplastics account for 69-81% in the
oceans (News, European Parliament).

Where are they found?
Microplastics can be found almost anywhere in the environment: on land, in freshwater
systems, and in the oceans (Figure 2) (Rochman, 2018). The most research focuses on plastics
and microplastics in the ocean. However, in 2013 Eriksen et al. discovered microplastic particles
in the Great Lakes and several streams feeding into it. In 2015, D. Eerkes-Medrano et al, found
microplastics in freshwater lakes and rivers in other continents. The amount of plastics found in
areas are impacted by waste management, size of population centers, and distribution pathways.
C. M. Free et al, (2014) found high levels of microplastic pollution in Lake Hovsgol in Mongolia
despite the fact that it is a large and remote lake. The microplastics found were mostly from
consumer goods and were attributed to poor waste management in the surrounding small
population centers.
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Figure 2: Global distribution of microplastics in the marine environment with notes on potential
sources and microplastic concentration levels in kg/km2 (R. Pravettoni & P Rekacewicz 2019)
What are the concerns with microplastic pollution?
Microplastic levels are varied from location and studies, so it is difficult to get exact
numbers for how many microplastics are found in water. There are many concerns that because
plastics are not easily degradable and the world keeps producing plastics that the accumulation
could have a negative impact on the environment and public health.
Microplastics have the potential to be carriers or vectors for other contaminants. One of
the most concerning contaminants are persistent organic pollutants (POP). Many POPs are used
for commercial purposes such as pest and disease control in agriculture. One of the most wellknown POPs is dichloro-diphenyl-trichloroethane (DDT), which was seen as an effective drug at
first. DDT was used widely for many different purposes, but its accumulation in the environment
(Figure 3) started impacting endangered species such as the bald eagle, impacting the viability of
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their offspring (EPA).

Figure 3: International Pellet Watch DDTs: Global Pollution Map. Global monitoring of POPs
using beach plastic resin pellets (form of primary plastic). (pelletwatch.org, 2000-2012)
Another concern is about filter-feeders in the aquatic environment. These animals have
the potential to ingest microplastic particles suspended in the water (Figure 4). While multiple
studies have shown that bivalves such as mussels and oysters are able to ingest and excrete
microplastics rapidly (Goncalves, et al. 2019), other studies have laid out concerns over larger
animals such as filter-feeder sharks and rays being impacted (Germanov, et al. 2018). The issue
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that is often most concerning is the combination of microplastics and other contaminants.

Figure 4: Impact pathway of microplastics in bivalves (Zhang et al. 2019). Bivalves such as
mussels and oysters can be impacted directly or indirectly and can lead to human exposure to
microplastics through ingestion.
The World Health Organization (WHO) published a report that says there is no scientific
evidence that microplastics which humans ingest are harmful. There are some concerns about
plastics carrying toxins through the body, but there has not been enough research on that yet.
WHO also noted that there are more obvious causes of harm in drinking water such as bacteria
and viruses. (Watts, 2019) Despite this dismissal, levels of bioavailability could create problems
for the food chain, all the way up to us (Figure 5). Again, the main concern is over POPs. The
organic matter can confuse smaller marine organisms like zooplankton into consuming them.
However, there is little research done on how this mechanism for microplastics getting into the
food chain actually interacts.
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Figure 5: Microplastics in the food chain (Baechler, et al. 2019). Microplastics are sometimes
ingested by smaller animals or mistaken for small animals such as zooplankton by fish and
crabs. These are ingested by larger predators and at any point by harvested for human
consumption.
How are microplastics collected and determined in water and biota?
Methods surrounding microplastics vary greatly and depend on the funding and purpose
of microplastic research. “The lack of standard methods for sampling and analyzing
microplastics in the environment means that comparison across studies are difficult” - WHO
Report on MPs in Drinking Water
In the U.S., the system follows the voluntary consensus standard (Howard, 2019). This
means that scientists and researchers must coordinate in an open process to reach a consensus
that is then usually broadly adopted. There are multiple institutions that often work to establish
standard methods. One of them is the American Society for Testing and Materials (ASTM). This
is a non-for-profit organization that brings together volunteers from every aspect of industries to
create standards. Governmental agencies such as National Oceanic and Atmospheric
Administration (NOAA) and the Environmental Protection Agency (EPA) create their own
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standards but also utilize work done by these other organizations. In 2015, the NOAA Marine
Debris Program released recommendations for laboratory methods for analyzing microplastics in
marine environments. The EPA sets forward the following guidelines for methods pertaining to
microplastics (Figure 6). They state that the “collection practice needs to be: straightforward,
simple to follow, reproducible, and designed to prevent or reduce cross-contamination” (Cook &
Allen, 2020). Sieving is a popular method of collection and initial preparation. One-pot method
is an alternative method that works well with grab samples. It also allows the sample to stay
within one Mason jar reducing contamination and increasing yield. The preparation practice
depends on water quality and characteristics, must account for interferences, needs to be simple
and reproducible, must produce accurate results, and must minimize loss of or damage to
particles” (Cook & Allen, 2020). For analyzing microplastic samples there are two main ways:
fluorescence microscopy and pyrolysis gas chromatography (Py-GC). For fluorescence
microscopy, the particle count per unit volume can be determined. This requires isolation of
individual particles and the ability to identify targets. It offers a lot more qualitative data on the
sample than Py-GC. However, Py-GC can provide a fairly accurate quantification of mass.
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Figure 6: EPA flowchart for guidelines of collection practice to preparation practice to
identification methods. (Cook & Allen, 2020)

MISSLING 13

CHAPTER 2: ONE-POT METHOD FOR SAMPLE PREPARATION FOR
MICROPLASTIC ANALYSES: DIGESTING, FILTERING, AND STAINING OF
MICROPLASTICS FOR FLUORESCENCE MICROSCOPY

Portions of this work were published in: Scircle, A., Cizdziel, J. V., Missling, K., Li, L. &
Vianello, A. Environ. Toxicol. Chem. 2020, 39, 986-995. My role was mostly digesting, filtering,
and staining the isolated microplastics with Nile Red dye for fluorescence microscopy.

INTRODUCTION
Methods for collecting, preparing, and analyzing samples for microplastics are not
currently standardized across laboratories. A single-pot method has many advantages, it is simple
and inexpensive. This novel method prepares samples in one vessel. Compared to sieving, it
minimized contamination and degradation, while increasing recovery and throughput (Scircle et
al. 2020). This method is also effective with smaller microplastics, which cannot be manually
separated from the sample. This method was applied to samples from the Mississippi River and
samples from its tributaries before and after historic flooding (Scircle, et al., 2020).

MATERIALS AND METHODS

Sampling
Collecting the samples for the single-pot method was either done at high volume or low
volume. The high volume collection required a water transfer pump. The pump moved about 360
L of water in 5 minutes. The water was pumped through a 100-micrometer cod end of a plankton
net. The cod end was then rinsed into a stainless steel bowl, which was once again rinsed into a
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mason jar. This method had a variety of potential problems and was therefore not utilized in the
study. The low volume method was simply the grab sample method. Mason jars were simply
used to collect water at surface level near the shore. There were 11 sample sites in this
experiment, some of them direct locations on the Mississippi River, while others were on major
tributaries (Figure 7).

Figure 7: Map of sampling sites for the one-pot method. (Scircle et al., 2020)

Sample Preparation
The mason jars were then transported to the lab and usually processed within 3 weeks of
collection (Figure 8). The mason jars were placed under a laminar flow hood in a clean room.
The lids of the mason jars were then removed and replaced by lids that were cut out in the
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middle. This allowed the lid to be further replaced by a mesh filter with a securing mechanism in
place. This mesh filter screen is made of Monel, a nickel copper alloy, which allows the mesh to
mold and tighten to the lids preventing leaks. Monel is also easy to clean and reusable. Once the
mesh screen is in place the mason jar is turned upside down to allow the water to flow out into a
sink or container. To break surface tension and speed up the time it takes for the water to filter
out, an air flow tube can be held upwards close to the mesh. Once the mason jar is completely
empty, the mesh lid is removed and carefully and thoroughly the filtrates are washed back into
the mason jar using purified, deionized water in a Teflon squeeze bottle. Even though the
washing should be thorough it should be noted that the volume of water used should not exceed
100mL to ensure that the reactants during digestion are not diluted.
The next step is digestion. This step is used to break down any organic material that
could possibly contaminate the analysis of the microplastics without damaging the microplastics.
After the sample is washed back into the mason jar 20mL of hydrogen peroxide and 20mL of
0.05M iron solution is added into the mason jar with the sample. The lid is then lightly placed
back onto the mason jar with tightening to allow carbon dioxide to escape during the reaction.
Typically the reaction was left to continue for 12 to 24 hours occasionally added in more
hydrogen peroxide until the reaction was complete. The reaction was complete after the solution
was a yellow color and no longer bubbling. After the digestion, the filtering step was completed
again. The mesh lid was screwed on to the mason jar and flipped. Air was used to break surface
tension and the filtrates were washed by deionized water back into the mason jar.
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Figure 8: The one-pot method for sample preparation for microplastics in natural water
(A) Mason jar with sample. (B) mesh lid. (C) Filtering sample. (D) Sample after filtering. (E)
Filtering with pump onto PC filter. (F) Microscope slide and Red Nile dye. (G) Austin Scircle
looking through fluorescent microscope. (H) Image of microscope view. (Scircle, et al., 2020).
Sample Analysis
Lastly, the samples were transferred to a microscope side. This was done by washing the
samples into an all glass vacuum filtration system. One filter, which was 10 micrometer poresize and made of polycarbonate membrane, was used for fluorescence microscopy, while the
other, which was a 30 micrometer pore size Monel wire mesh was used for FTIR imaging. For
fluorescence microscopy a few drops of Nile red dye solution were added to the filters with the
sample on it once it was on the microscope slide.

RESULTS
Full results and discussion can be found in our paper in Environmental Toxicology and
Chemistry (Scircle et al. 2020). In short, we showed that the one-pot method was particularly
effective to assess smaller (<250 µm) microplastics in the rivers and provided good recoveries,
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minimized carryover, and had relatively low blanks. Moreover, because it uses relatively
inexpensive and easily assembled materials, it can be adapted for MP surveys worldwide,
especially those involving volunteers from the community and schools. Regarding microplastic
measurements, the microplastic load generally increased down the Mississippi River toward the
river’s mouth near New Orleans. The historic flooding in 2019 decreased the counts in the water,
likely due to dilution, but increased the overall load in the river. The size distribution and
morphological trends of the microplastics were consistent before and after flooding. Also, the
Mississippi River had higher microplastic loads than that of its tributaries.

Figure 9: Figure showing the concentrations of microplastics during and after Mississippi River
flooding determined using the one-pot method and fluorescence microscopy.
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CHAPTER 3: MICROPLASTICS IN OYSTERS FROM THE MISSISSIPPI SOUND
COMPARISON OF VISUAL COUNTING AND AUTOMATED COUNTING USING
DIFFERENT FLUORESCENT MICROSCOPES

INTRODUCTION
The Mississippi Sound is located along the coast of Mississippi and Alabama. Oyster
cultivation and harvesting is a big part of the local and national economy in this northern part of
the Gulf of Mexico. The Mississippi Sound is subjected to various manmade and natural events
changing the water salinity and land nearby (Scircle, et al., 2020). This area has been impacted
by oil spills, opening up of the Bonnet Carré Spillway, hurricanes and storms. Levels of
microplastics are also found to be especially high in this northern Gulf of Mexico area (Di
Mauro, et al., 2017). The following study is meant to be a preliminary investigation in the
counting methods of microplastic particles in oyster samples. This study will be used to compare
data generated from visual and automated counting with discussion on the merits and drawbacks
of both methods.

METHODS

Sampling
Oysters were collected from areas in the Mississippi Sound located in the northern Gulf
of Mexico along the Mississippi Gulf Coast (Figure 10). GCRL samples are from the Gulf Coast
Research Laboratory. GB samples are from a lander located in Grand Bay. Samples were
sometimes collected on different days and this is noted on the sample label. The MShat sample is
from the Mississippi oyster hatchery located in the Gulf of Mexico near Mississippi.
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Figure 10: Oyster Site and Information about salinity, temperature of surrounding waters.

Sample Preparation
Oyster samples were dissected in the laboratory into 4 separate samples labeled
appropriately (Figure 11). These 4 dissected samples are the mantle, gills, digestive system, and
extra, which included the heart, adductor muscle, and gonads (if applicable). The samples are
then digested in a mason jar for about 24 hours using a 10% w/v KOH solution. In some samples
15 mL of bleach was added to the jar in hopes that it would improve the digestion process, this
was ultimately not found to be useful. After the 24 hour waiting period, the solution was drained
through the Monel filters. In the draining process the solid particles were collected on the filters
then washed or rinsed off back into the mason jar using small amounts of purified (by milliQ
water purification system) water. The water and washed solid particles in the jar were then put
through a vacuum filter using a 10 micron pore size polycarbonate filter. The filter was put on a
glass slide and stained with 10 micrograms/mL solution of Nile Red dye.
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Figure 11: Dissection of oysters location of different sections.

The MShat sample underwent the same digestion process, washing, and other preparation
procedures as the rest of the samples, but was not dissected and separated into different samples.

The blank samples were reagent blanks meaning that they underwent the exact same
procedure as the oyster samples just with the reagents and no other additions. In other research, I
used blanks with the purified water and some that were reagent blanks.

Sample Analysis
Adapted Fluorescent Microscope
Samples were placed on the microscope upside down so that the thickest glass is on the
top. In my first initial set of samples analyzed, I used an LED flashlight as background lighting.
This presented some issues that hindered my ability to process samples at a decent pace. One of
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my biggest issues was the LED flashlight would become progressively dimmer throughout my
use of the microscope. This gave me inconsistent lighting making it harder to count and compare
microplastics.
With the new set up, Crime-lite blue (420-470nm) fluorescent hand light source is used
(Figure 11). This light source is also held up by clamps and a stand, but has a bigger scope. A
filter is also placed on the background stage to filter out excess light from the light source. The
lowest magnification (10X) for efficiency in counting, but sometimes I would zoom in to have a
closer look at particles that I was unsure of classifying.

Figure 12: Klara working at the microscope adapted for fluorescence
I started at the left top corner counting microplastics then moved horizontally. When
reaching the right corner I moved down and moved back towards the left. Microplastics are
uniform in color and shape more so than biological material in the sample. They will also tend to
be a brighter color compared to the dark and earthy tones that biological material. MPs will
absorb Nile red dye more uniformly than biological material making their color more evenly
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distributed. It is important to stick to guidelines outlined and note any abnormal particles in the
sample as well as further investigating particles that are not easily identifiable.
MPs that look very similar to each are unlikely to appear largely distributed in one
sample so particles like these can be investigated, but will most likely not count as microplastics.
Data collected were disaggregated into three types of MPs for each sample: beads,
fragments and fibers. Beads are uniform circular microplastics most likely stemming from
microbeads in the environment, but could also originate from larger broken down microplastics.
Fragments originate from larger plastics or by products of industry production. Fibers also have
the possibility of originating from a variety of sources. It is important to note these categories for
further research and understanding in terms of origin and impact on organisms in marine
ecosystems.
The automated count was generated using NIS-Element AR software connected to a
fluorescence microscope. Once the fluorescence light source is turned on and exposure time is
set depending on the time the samples were dyed and the sample is in focus, the microscope was
moved to the upper left hand corner of the filter. From that starting point, images of each part or
tile of the sample is captured and then stitched together for a complete picture of the sample.
Once the completed picture is taken, set the threshold value to 15,000 under “Binary- Define
Threshold”. For parameters, the restrictions are set to 25 microns and particles that are not
plastics can be removed from the count.

RESULTS AND DISCUSSION
Images of putative microplastic fibers, beads, and fragments are shown in Figure 13-15.

MISSLING 23

Figure 13: Fiber from Oyster 1 Digestive System

Figure 14: Microbead from Oyster 1 Digestive System
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Figure 15: Fragment from Oyster 1 Digestive System

Table 1 shows comparison of counts that were generated visually and then automatically
by the computer. For visual inspection, the number of putative microplastics were generally gills
> digestive tract > extra. This makes sense as the gills filter water and digestive system may
retain microplastics. However, the automated count was more variable and this trend was not as
apparent. Two samples (Oyster 1 digestive system and Oyster 2 extra) produced similar results
between the methods, but the other two samples were much different. The relatively high blank
level for the automated approach for one blank (16 counts) and not the other (0 counts) is
concerning. For visual inspection, both blanks were low and consistent (1 count each). In this
case it appears that visual inspection “out-performed” automated inspection.

Table 1: Comparison of visual and automated counts of putative microplastics along with
breakdown by morphology.
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Visual
Sample

Automated
Fragment

Microbead

Fiber

Total
Count

Fragment

Microbead

Fiber Total
Count

Oys 2
Gills

31

0

4

35

15

3

8

21

Oys 2
Dig Sys

15

1

5

21

2

0

6

8

Oys 1
Dig Sys

12

2

4

18

9

0

23

25

Oys 2
Extra

9

0

3

12

3

0

17

20

Blank 1

0

0

1

1

2

0

14

16

Blank 2

0

0

1

1

0

0

0

0

Much of the concern for monitoring and even research methods is that if they are
required to be performed at a high volume they should be easy enough for undergraduate
students to handle. There are concerns about training personnel. It takes a while for people to be
able to recognize microplastics.
The morphologies were determined on the computer by setting up certain parameters
such as any particle with a circularity of >0.9 is counted as a bead. If the length of the particle
was at least 3 times greater than its width then it would be counted as a fiber. Others have shown
that visual counting alone can lead to underestimation of fragments and overestimation of fibers
(Song et al., 2015). Computer-counted microplastics are potentially more accurate because once
the threshold for fluorescence is set, which often has to be adjusted based on the sample and how
the Nile Red dye reacted, counts are not subjective (personal interpretation) and instead follow a
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strict protocol. On the other hand, if the threshold/protocol is not set correctly there is a concern
that the computer-counted samples may not be reliable and may result in systematically under- or
over-counting the microplastics. Also, some non-plastic materials may absorb Nile Red dye that
a visual inspection could fund. Moreover, not all plastics bind to the Nile Red dye equally. Nile
Red dye has some detection limits. Previous research has shown the Nile Red dye interacts with
different types of plastics (specific distinctions between low and high density polymers)
fluorescing at different magnitudes and color (Nel, et al., 2021)
There also may be differences in the results because the oyster samples that I looked at
were old and contaminated. These microscope slides were held in a bag, which contained a slide
that had a reusable mesh filter from which red/orange microplastic particles escaped. In addition,
samples that are stained with Nile Red dye need to be analyzed soon after being stained.
Preferably the samples would have been analyzed within 24 hours or a week. This is important
because the dye will fade during this time consequently dimming the brightness level of the polar
particles absorbing the dye. This makes it harder to distinguish between plastics and non-plastics
because you cannot use the level fluorescence as easily. Researchers must consider the different
types of plastic polymers and the subsequent variability in fluorescence in the sample before
setting the threshold limit. In some samples particularly the gills and digestive system the
digestion of the sample removed more of the organic tissue than in others. This created issues in
visualizing the particles because they were partially blocked by organic tissue.
All these considerations point to the fact that the preparation of the sample (digestion,
separation), the timing (promptly analyzing the sample) and the threshold set for the automated
computer count along with some inspection during that automated detection is essential to
improve the reliability of data.
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CONCLUSION
These preliminary data suggest that there is more work to be done in development of
methods to ensure more consistent results in studying microplastics. There are many
complications that arise from studying microplastics beyond just being able to count particles.
Factors such as training and funding create issues with the feasibility of implementing more
complex methods. Automated counting may be a faster method and address some human errors,
but it does not allow for thorough investigation and discussion of particles. It also has several
issues in determining the morphology of the particles. Furthermore, methods such as visual
counting and automated computer counts need to be used together in order to have a comparison
and give more accurate results. Each method has its drawbacks and can be checked through
comparison.
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CHAPTER 4: MICROPLASTIC POLLUTION POLICIES
In the United States, the microplastics policy is focused on microbeads, which were
banned under the Clean Water Act of 2015. This act was specific to a few selected cosmetic
products, therefore having a narrow scope, which is problematical. In addition to the lack of an
effective scope, the policy fails to encourage biodegradable alternatives.
The rest of legislation in the U.S. with respect to microplastics occurs at local and state
levels and is focused on larger plastics. Plastic bags are banned in some counties across the U.S.
Others have banned straws because it is another single-use plastic that has shown to be a real
danger to marine wildlife. California is one of the first states to pass legislation demanding
monitoring of microplastics in drinking water. The problem with much of the legislation,
whether in effect or being proposed, is that it is not backed up by standardized scientific studies.
Research of microplastics (MPs) does not have a standardized method of collection, preparation,
or analysis. Agencies such as the EPA have standard methods, but they are often not feasible for
those who are required to regulate microplastics such as non-for-profit or local government
agencies with limited budgets and abilities. In Mississippi, programs are working to clean up
beaches, but there is no legislation that specifically addresses MPs. Even the United Nations
Environmental Programme has identified the Mississippi River as a place to increase research
and widen knowledge on MPs and their impacts through the Mississippi River Plastic Pollution
Initiative (UNEP factsheet, 2020). Mississippi along with Texas and Florida have passed
legislation that prohibits local governments from banning plastic bags and also prohibits them
from banning or taxing other plastic products (Toloken, 2019).
European, specifically European Union, microplastic policies are discussed because they
are often more comprehensive. The European Union also has also taken stronger initiatives to
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have broad policy with integration of all member states rather than individualized policies
leading to larger impacts and better effects on microplastic pollution. They have also aimed for
large-scale changes, such as creating a circular economy with plastics in order to decrease and
eventually stop all production of new plastics.

EUROPE MICROPLASTIC POLICY
Microplastics are variously addressed in international policies, and sometimes not
addressed at all. The United Nations created the Global Partnership on Marine Litter in an effort
to bring together governments, organizations, and companies loosely pledging to make strides
towards curbing the litter that enters the aquatic environment (UNEP). Some MP pollution is
understood to fit under this pledge, however, there are a variety of land sources from which MPs
can come. Regional Sea Conventions is also an international organization that has a variety of
committees with action plans concerning marine litter including MPs (SAM, 2018). The Group
of Twenty (G20) countries as well as the Group of Seven (G7) countries have all agreements and
strategies on addressing marine pollution, which do specifically address MPs. The World
Economic Forum has an action plan that impacts fresh water systems. Major transboundary river
basins are sets of regulations in specific areas. The Honolulu strategy is a global framework for
coastal soils and marine waters in terms of plastics pollution (SAM, 2018).

Europe with a focus on the European Union:
A comprehensive microplastics (MPs) policy, which addresses all microplastics in any
kind of product, has not yet been implemented in any country or union.
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Microbeads have been the first forms of MPs to be banned to some degree by all
European countries in the European Union (EU). Actions taken in the EU include:
▪

In 2014, the Netherlands was the first to announce their commitment to being
microbead free by 2016 (OECD & Austin, 2020).

▪

In 2015, the Belgian government created a test to assess the emission of primary MPs,
including microbeads. Key industry leaders and government agencies agreed that the
goal was to eventually cease the use of MPs in all products (SAM, 2018).

▪

In France, the government announced the goal that by 2025 all plastics in the country
would be recycled. In the beginning of 2018, France banned microbeads.

▪

The United Kingdom, although it has officially exited the EU, made the biggest
commitment. In the UK bill, all types of microbeads were banned, even those plastics
considered biodegradable.

▪

In 2020 Ireland and Italy introduced bans on microbeads.

▪

Germany released a comprehensive report that concludes that focusing on MP
pollution sourced only from cosmetic products does not address the bulk of the
problem. Germany’s report also called for larger action and coordination on the
European Union stating that a concerted effort in reducing MP pollution was needed
to adequately manage it (SAM, 2018).

Other European countries have taken the following actions:
▪

Iceland focused on fishing gear and the emission of secondary MPs after banning
microbeads in 2020. The country already has an extensive system on the
categorization and disposal of plastic fishing gear and has created a deposit-refund
system for returning fishing gear that is very effective (SAM, 2018).

MISSLING 31
▪

Norway is also looking at reducing MP emission from fishing gear by extending the
producer responsibilities and from land sources such as car tires, artificial turf,
textiles, and paint.

The European Union does have a plastics strategy called European Strategy for Plastics
in a Circular Economy. This strategy is a part of a larger plan for Europe to move towards a
circular economy dramatically changing how plastics products are used, designed, and recycled
(disposed).
In the beginning of 2018, the European Chemicals Agency (ECHA) proposed a
restriction of all intentionally added or used MPs in the European Union. This proposal must go
through various stages of review and modification before it reaches the implementation phase.
ECHA projects that the proposal could be adopted by 2022. After the intention to prepare a
restriction proposal was put forth, the ECHA established a call for evidence, which lasted from
March to May 2018. A stakeholder workshop and the submission of a restriction proposal
occurred in early 2019 followed by a public consultation of the proposal. In the summer of 2020,
RAC (the Committee for Risk Assessment) put forth their research on the risk associated with
MPs in terms of the environment and human health. After drafts and consultations with experts,
the Committee for Socio-economic Analysis’s (SEAC) review of the proposal in combination
with the RAC assessment will most likely be submitted to the Commission in late 2020. The
RAC was submitted and published in the beginning of March 2021. This pushed back the
original timeline that within 3 months of having received the opinions, the European
Commission was to draft an amendment and in 2021, the member states of the EU would discuss
and vote on the proposed restrictions. Once it is approved by the member states, the European
Parliament will discuss and decide whether the policy should be adopted (ECHA, 2020).
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The ECHA proposal to limit the intentional use of MPs is projected to reduce MP
emissions by 400 thousand tons over 20 years (Directorate-General for Environment, 2019).
The restriction on MPs fits into a larger strategy of the EU to reduce plastic waste. Every
year about 26 million tons of plastic waste is generated by the EU. Less than 30% of it is
recycled, while some of it is exported to non-EU countries for treatment, the rest goes to
landfills, is incinerated, or ends up in the environment (Directorate-General for Environment,
2018). The European Commission has supported a plastics strategy aiming to ensure that by
2030 every piece of plastic packaging is reused or recycled, reducing single-use plastics and MPs
(Directorate-General for Environment, 2018).
The EU agencies defined MPs as less than 5mm in size and categorized according to their
source. Primary MPs are directly released into the environment as small particles. These MPs
mainly come from the laundering of synthetic clothes, vehicle tire abrasion, personal care
products such as scrubs. The secondary MPs derive from the breakdown of larger plastic items,
such as plastic bags, bottles and toothpaste. Fishing nets account for 69-81% of plastics found in
oceans ingested by marine animals (Directorate-General for Environment, 2018).
In the 2019 report of Environmental and Health Risk of Microplastic Pollution, the
Scientific Advice Mechanism (SAM, 2018) offered various recommendations and
considerations. The first was to extend the scope of existing plastic policies to include MPs,
specifically in the areas of MP pollution in water, air, and soil. The scientific community has not
yet established baseline data on the path that MPs take through different environmental
conditions.
Microplastic pollution has come to focus in both the scientific community and the public
eye in terms of distribution and hazards. MP and larger plastics are now better understood to
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accumulate because of their chemical composition, which makes them take up to thousands of
years to degrade (Mai, Bao, Shi, Wong, & Zeng, 2018).
Over half the primary MPs released into the environment are trapped in soil supporting
the idea that most primary MPs end up in the soil (Guo, Huang et al, 2020).
MPs have also been detected in open air and indoor environments although those data are
shown to be more relevant to the transportation of MPs rather than where they end up (Zhang,
Kang, Allen, et al, 2020).
The MP pollution of the marine ecosystem has garnered the most attention by both
researchers and government agencies. The European Union’s Marine Strategy Framework
Directive (MSFD) places the responsibility of micro-litter, including MPs, clean up and control
on member states. This strategy has been important to curbing MPs, however, researchers
usually only have access to small samples relative to all the water on the earth and therefore do
not know where most of the plastic settles. Based on a system engineering analytical model using
the information that can be measured such as fragmentation mechanisms and estimated plastic
can emissions researchers concluded that many MPs can end up in sediments or deeper waters
near coastal regions (Koelmans, Kooi, Law & van Sebille, 2017).
In contrast, the Water Framework Directive, which is focused on freshwater, does not
hold member states accountable for taking measures against micro-litter in surface waters. SAM
suggests that the freshwater directive to utilize the same strategy as the MSFD in order to make
member states responsible for MPs in their freshwater increasing the effectiveness of
implementation.
Two other unique situations that are not addressed adequately in concern with MP
pollution identified by SAM (2018) are sewage sludge and fibers in the air. A big contributor to

MISSLING 34

MPs in soil is the agricultural use of sewage sludge. A policy issue faced through this is whether
to remove the MPs from the water with stricter mandates under the Urban Waste Water
Treatment Directive or avoid that in order to prevent more MPs from entering the soil requiring
revisions in the Directive 86/278/EEC, which outlines agricultural use of sewage sludge. The
EU’s outdoor Ambient Air Quality Directives outline regulations for two specific sets of MPs:
those 10 microns or less and 2.5 microns or less. While the material type is not specified, there is
a concern about MP fibers that are less than 50 microns. Based on size distributions there are
higher concentrations of under 50 micron fibers, but no concentration levels have actually been
measured. In addition, this directive is restricted to outdoor air and does not monitor or consider
indoor air for MP concentrations.
SAM (2018) also calls for actions beyond legislation. They note that there are
considerable issues with the proposed legislation in the European Union. Although the proposal
is considered a strong action against MP pollution, there are many issues with timing that prevent
this strategy from working most effectively alone. The proposal hinges on a staggered timeline to
allow government agencies, companies, and consumers to adjust to the new rules and
regulations. SAM (2018) wants to expand education, media influences and or social incentives to
change the organization and behavior of people to be more conducive to moving away from
plastic and MP use.
One issue that the European Commission has noted, in terms of creating legislation, is
how broad a definition that MPs have. MPs can have a range of sizes, textures, compositions,
and shapes. Before more research can enlighten context-specific strategies for each size and type
of MP the European Commission notes that the call for the restriction of MPs under REACH by
the European Chemical agency establishes a good enough definition for legislative purposes.
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This restriction described 14 different product groups containing MPs and restricted them in
different ways. Some were banned, while some had labeling and reporting requirements with
different strategies and timelines of implementation. All these restrictions are based on the
assessment that if nothing is done about MPs there will be an increase in MP release into the
environment and thereby increasing the danger and eventually forcing a legally binding
restriction by 2021.

EU Single-Use Plastics (SUP) Directive
Part of the European Strategy for Plastics in a Circular Economy, the single-use plastics
directive (SUP) was introduced in May 2018. The directive’s goal is to prevent and reduce
marine litter in five ways. One is getting rid of unnecessary single-use plastics. This could be
done by using alternatives or getting rid of the product altogether. Another is transitioning to a
circular economy and creating economic incentives to reduce the use of plastics and plastic
products. An important mechanism in this and another way the SUP directive hopes to be
effective is requiring EU countries to set up extended producer responsibility schemes (EPR).
These associations require membership fees to be paid by producers and consumers of plastic
products. Another important way under the SUP directive that Europe will be tackling the plastic
problem is by establishing increased collection rates of plastics.
The SUP directive covers a wide variety of products focusing on the most commonly
found plastic or partially plastic items found on European beaches and water. These products are
further broken down into categories to make recommendations for each product clearer. The first
group of products is plastics that have alternatives that are readily available. This includes:
cutlery, beverage stirrers, plates (even plastic-coated paper), straws, cotton bud sticks, oxodegradable plastics, and expanded polystyrene (EPS) food containers, beverage containers, and
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cups. EPS plastic can easily be replaced by molded fibers of recycled paper or other products.
Another category of plastics under the directive is products which have less widely and readily
available alternatives. This is some food containers, and cups for beverages including lids and
covers. The last category is those plastic products already covered by other EU legislation. This
includes single-use plastic bags (under the Plastic Bag Directive) and fishing gear (Marine Litter
Directive). Legislation for products in this category should be complemented and strengthened
under the SUP directive. The Packaging and Packaging Waste Directive aims for all EU
countries to implement EPR schemes for all packaging by 2025 and achieve recycling targets of
50% for plastic packaging by 2025.
The SUP directive utilizes specific strategies for each product depending on the market.
Usually a combination of strategies is used. Among the strategies mentioned by the
ZeroWasteEurope report on the SUP directive is changing the product design, separate
collection, implementing EPR schemes, raising awareness, and setting up restrictive markers.

EU Plastics Levy
The European Commission proposed to introduce a plastics levy (not a tax) on member
states calculated on the amount of non-recycled plastic packaging waste. This levy is specifically
introduced on non-recycled packaging waste starting on January 1st, 2021. The levy is being
used to fund the EU’s economic recovery plan. The rate levied on each member state is 0.80
euros per kilogram of plastic waste.
The plastics industry are not supporting this change, unsurprisingly. Voicing concern for
possible impact of such a levy, managing director of the EU-level trade association of European
Plastics Converters (EuPC) Alexandre Dangis told James Langleyof letsrecycle.com in 2020 that
the revenue from the tax proposed is not going to be put back into the plastic industry to
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encourage recycling or other forms of sustainable waste use. Dangis pointed out that this would
just increase the costs of plastics and plastic recycling, making consumers and businesses turn to
packaging that could be more dangerous to the environment.
The implementation of a national level is also a huge concern for EuPC, a waste
management group in the plastics industry. Many details of the EU plastics levy are still unclear
as the European Parliament and Council of the EU have yet to approve specifics. The one thing
that has been made clear is that the EU will give member states substantial freedom over how
they collect the levy and send it to the EU. EuPC worries this will destroy the EU single market
as member states will implement the levy differently. Some member states may tax the plastic
industry directly while others may not.
Not all constituents of the plastics industry are concerned about the tax. President of
Polish plastic fabrication company ML Polyolefins, Tomasz Mikulski, said that he believes that
the aim of this tax to increase existing usage plastics will prevail and that plastic processors will
have to make more conservative decisions on plastic designs.

Implementation of the EU Single-Use Plastics (SUP) Directive
In 2018, the European Commission proposed the SUP directive addressing the most
commonly found plastics on European beaches and seas. Among those plastics are plastic bags,
cups and bottles, which the directive is supposed to reduce by 50%.
Currently this legislation is being transposed into national law by the member states.
Before the end of 2021, if there are alternative available, cutlery, places, stirrers, straws, sticks,
expanded polystyrene (EPS) food containers, cups, and oxo-degradable plastics will be banned
from EU member states. For plastic packaging that has less widely available alternatives member
states have till 2026.

MISSLING 38

Belgium’s federal government is expected to pay 153.4 million euros through the levy. It
is still not clear how they will collect the money for it. Belgium already has extended producer
responsibility (EPR) compliance organizations that would most likely pay the tax then increase
member fees for producers and users of plastic packaging to cover costs.

CALIFORNIA MICROPLASTICS POLICY
As previously noted California is at the forefront of microplastics research in the U.S. and
is also one of the few states to pass legislation on plastics and more specifically microplastics
(MPs). I contacted and conducted an interview with Shelly Walther, who works as an
environmental scientist at the Sanitation Districts of Los Angeles County, a public owned agency
servicing 5.6 million people (2019 Resource Guidebook by American Academy of
Environmental Engineers and Scientists). We discussed her job, which requires blending policy
and science focusing on monitoring wastewater sanitation facilities. The Sanitation Districts of
Los Angeles County employ considerable trawl monitoringa in which they find a substantial
amount of trash on the ocean floor. The biggest source of pollution used to be from boats and
storm drains but there has been substantial improvement in technology decreasing this impact.
They created a database of trash in the regional area. Their results are, therefore, very specific on
exactly what they find. They also use grab sampling of sediment studying microscopic
contaminants. Walther met and communicated with the EPA which has made broader research
efforts across the United States. The EPA has also looked at animals under the superfund to find
DTT and PCPs and their impacts. A year before the Clean Water Act they found a substantial
amount of diseased fish. This trash interest led to an interest in microplastics.
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Ocean Litter Prevention Strategy
Shelly Walther participated in the Ocean Litter Prevention Strategy. The agenda at such
conventions are usually set, but they listened and planned to continue with improving research
methods. The focus on research was set to standardized methods and identify the real sources of
microplastics pollution with evidence that is quality assured. The research is also focused on
identifying what pollution is causing the most harm to the environment, posing as a risk to public
health, and toxicity. Deadlines were established and a strategy was drafted at the convention.
Risk assessment is the prescribed method, but not always grounded in science. Risk
assessment requires long and thorough research. The EPA guidelines are the gold standard on
this, but their studies take a long time. The alternative set up by the Ocean Litter Prevention
Strategy was to collect ambient water samples, digest, and prepare using the National Oceanic
and Atmospheric Administration (NOAA) methods. They wanted to analyze wastewater during
different seasons, days, and times. They planned to use stacked cylinders for 24 hours to collect
the water and make sure that every step had blanks. They hoped to utilize LDIR to get the three
dimensional aspect of the sample. They were specifically concerned with looking at microfibers
because the shape could be a huge issue. Ocean litter strategy is evidence based science. They
are trying to standardize methods and tying sources to impact.

Current policies on water quality maintenance concerning MPs
The section 303D of the federal Clean Water Act establishes a list for states in assessing
impaired waters. Under this there is a lot more recording which is helpful, but being delisted is a
very complicated process. In addition, even after removal from the list the water would still be
tracked for pollution (EPA, 2018).
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The Drinking Water Bill in California was passed in 2019. Under this bill, labs need to
regularly monitor drinking water for microplastics. This is one of the break-through legislation
that was passed in California. It increased the standards for drinking water and ensured clean
drinking water from any source (Sanger, 2018).

Wastewater a major contributor to microplastic pollution
The wastewater goes through different levels of treatment resulting in an output of water
into the ocean and biosolids (Figure 15). The primary level is separating physical solids and
liquid. The wastewater is centrifuged with a polymer (this process was greatly improved in the
1980s) creating layers of things that float and things that sink. Oils are usually at the top. The
secondary stage is when biological treatment of bacteria is used to nitrify then denitrify the
mixture. This process takes out nutrients. The water is then disinfected with bleach then
dechlorinated. Wastewater is treated for 24 hours with digestion using enzymes and peroxide. In
the tertiary stage, most of (99.9%) of microplastics are filtered out (Talvitie et al, 2017).
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Figure 15: Joint Water Pollution Control Plant

CONCLUSION

Policy Concerns
Global cooperation is one of the most important aspects of effective microplastics policy.
The effort to reduce plastic pollution will be best if implementation of regulations and restraint
occurs worldwide. Another big issue that policy makers face in creating and implementing MP
policy is that until recently and still at some major agencies such as the WHO they do not
consider MPs a major health hazard such as other toxic materials prioritized higher on the list.
While MP pollution policies have gained interest in the international community, no one
has committed to a strategy or policies strong enough to deal with the magnitude of the issue.
The ability of countries to address MP pollution varies as well as the research on MP levels. The
Commission supports the policies that are most effective when they take into account local
conditions. Many developing countries lack the infrastructure that developed countries have that
already deal with some pathways of MP release into the environment. A concerted effort at the
Marine front should utilize the consensus that many countries have reached on MP in the marine
environment being an issue. The Commission calls for more concrete policies rather than vague,
unsupported goals set by the UN that are based solely on the voluntarism of countries.
Such an agreement could be modeled after the Montreal Protocol on ozone-depleting
substances. The Montreal protocol allows for changes in research findings, monitoring standards,
data and information sharing, recycling and reduction methods and technologies that are
developing similarly with MPs. The Montreal protocol supports sharing information, research,
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and creating more public awareness through education. Another example is under the MSFD,
which has a set standard for how much plastics and MPs can be on the beaches and seafloors in
Europe.

Research Concerns
There are multiple issues with studies that are being published about microplastics. One
of the biggest issues is that these studies are not doing enough quality assurance. These studies
claim issues with microplastics without a standardized method. Many methods that are very
accurate and thorough, which are used by well-funded research projects cannot be utilized by
local agencies because they do not have the resources or the man-power.
When searching for standard methods in the analysis of microplastics, mostly studies that
utilize meta-analysis are presented. These are meta-analyses of studies to find methods to find
standards. This is not a way to standardize methods because researchers doing the meta-analysis
were not actually using the methods they were studying. It is important to create interlaboratory
calibration.
A study in San Francisco found that there were more MPs in the wastewater than in
stormwater. It was a huge study with 10% chemical confirmation and all visual (Sutton, Mason,
et al, 2016). The study did not make any progress toward actually establishing whether
wastewater was a significant source of microplastics pollution . There are studies done where
one particle is picked out at a time and the top 10% of color and type is picked. This method is
very labor intensive and is not feasible on larger scales without large amounts of funding. A
method that is highly accurate with high throughput is required.
There is an Ocean Projection Council study proposed to compare the northern and
southern California outlets of stormwater and wastewater. The study had many study design
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issues. They only used 100 samples. Every factor analyzed should be redone per sample 10 times
for quality assurance and repetition; this would require at least 6 times for each sample if
previous data could be used with justification.
In some studies toilet paper particles were counted. It is really good reference material in
determining whether there is overdigestion or under digestion. They looked at virgin versus
weathered plastics.
Pyrolysis gas chromatography mass spectrometry has been used with samples and Shelby
Walther thinks that this is a promising method for collection because it is affordable and can
work with large intake that she deals with the wastewater treatment plants.
The downside to sieves is that they are size dependent and they cannot give any
information on shapes or composition. The definition of microplastics used had no lower bound
(0.1 nanometer). While sieves may be of interest to research groups wanting to analyze samples
for more information than just quantity or amount, industries that are required to monitor the
amount of MP will look for a more feasible alternative.
Soon there will be studies on pyrolysis GCMS and reference samples for blanks and other
standards. Local methods such as the GCMS or methods used by labs such as our lab at
University of Mississippi are set up well, but they are not partially for many of the industries that
deal with plastics.
Although there is a great increase in the quantity of MP studies, the quality of these MP
studies are not as promising. Many of the studies are redundant because they are repeated in the
same areas with the same parameters and others have little relevance to areas of policy
concerning meeting quality and reliability standards. There is a possible bias towards studies that
show some kind of change rather than studies that show no change in MP impact or quantity.
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Another big area of concern is with the technical difficulties many of these studies face including
the studies that I have been a part of. There are limitations in every environmental context with
sampling and analysis due to equipment and conditions. There are therefore substantial gaps in
assessing the risk for MPs in a dose dependent response curve for different types of MPs in a real
world set up.
Many of these issues are faced because there is no standard for definition, methods in
measurement, monitoring, and risk assessment. As mentioned before this may not be so
troublesome for research as scientists can define and justify their own MPs at a policy level such
consensus is vital for creating effective policies.
Standards are essential in moving microplastic research forward to catch up with policy.
Walther hopes that in the future they will focus on regulating tires and big sources. One of these
big sources is agriculture. While the microbead ban was easily passed and pretty effective, the
impact was limited because microbeads are not a significant source of microplastics. There is
also a time factor involved with microplastics because plastic production is increasing.

Synthesis of Lab Work and Policy
In my lab work, I was able to personally work through two methods and gain insight into
the scientific processes that inform policies. For water samples, using the one-pot method, I was
part of the preparation and staining of the samples. I was able to observe the automated counting
process and then visually counted samples prepared from oysters. The testing system is complex
because there are many different methods one can implement at a variety of stages.
It is clear that there is inadequate scientific knowledge about MPs and how to measure
them, the methods should be standardized as much as possible and made feasible for those
organizations and agencies that will be required to monitor MP levels. If rates of plastics
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production were stagnated then there would be an opportunity to wait for further research.
However, there is a substantially high production of plastics still ongoing at levels that increase
plastic levels continuously. The EU has assessed that if nothing is done about MPs there will be
an increase in MP release into the environment and thereby increasing the danger. Therefore,
even with the absence of scientific methods for measuring MPs, I recommend taking policy
actions to curb MPs in the environment and to deal with the increase of plastics in the
environment as well as monitoring MP amounts and working to develop methods for such
monitoring.
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